This paper presents an optimized method for droplet generation in PDMS microchannels. With controllable PDMS surface hydrophobicity and hydrophobicity recovery, alternative component droplets can be generated as anticipated. Different surface hydrophobicity results in different droplet generation patterns. Monodispersed water-in-oil and oil-inwater droplets are generated from hydrophilic and hydrophobic surface respectively. Nearly hydrophilic surface (30°<θ<50°) results in long-tailed droplets and less hydrophilic surface (70°<θ<80°) results in stream mixing. Discussion of methods to loss and recovery hydrophobicity of PDMS also included.
NOMENCLATURE

INTRODUCTION
Silicon rubber based poly (dimethylsiloxane) (PDMS) provides several major advantages for biomedical applications: bio-compatibility, inert chemical reactivity, ease of use, and low cost for fabrication process. Molding PDMS from SU-8 molds has become a standard procedure for making microfluidic devices [1] . The hydrophobicity of the PDMS surface plays an important role in the formation of monodispersed micro-size droplets. Droplets generated by two immiscible, incompressible fluids strongly depend on liquidliquid and solid-liquid interfacial tension. Different hydrophobicity of PDMS channel influences liquid-solid interfacial tension and results in different shear force required to generate droplets. PDMS surface is hydrophobic, and a variety of methods to make PDMS surface hydrophilic has been proposed [2] . One is plasma treatment, which makes PDMS surface hydrophilic. This method has hydrophobicity recovery effect due to diffusion of cyclic oligomeric dimethylsiloxanes to the surface [3] . By understanding and controlling the loss and recovery hydrophobicity of the PDMS surface, one can more control directly droplet generation and mixing.
∆P= γ/R [4]
, where ∆P is the pressure difference between interface, γ is the liquid-liquid interfacial tension, and R is the radius of curvature. Since R can be expressed by the contact angle θ and channel height h, the maximum pressure that liquid walls can sustain is ∆P= (2γ/h) sin (θ-90°).
The PDMS microchannel design for droplet generation is shown in Fig. 2 . After molding PDMS from SU-8 molds, air plasma treatment to oxidize PDMS allows permanent bond between the PDMS channel and substrate to be formed. The effect of air plasma treatment time to the contact angle is shown in Fig. 3 . Within 10 seconds, the PDMS surface has been oxidized and rapidly turns into hydrophilic and is fully hydrophilic after 90 seconds of treatment. Different PDMS surface properties are required for different droplet generation purposes. Figure 4 demonstrates that water droplet generation has a tendency towards a hydrophobic wall, while oil droplet generation prefers a hydrophilic one. Here we propose a quick and efficient heat treatment for hydrophobicity recovery of PDMS, thus allowing an alternative to toxic chemical assembling (e.g. silanization). Plasma treated PDMS device is placed into 120°C oven to enhance the cyclic oligomeric dimethylsiloxanes diffusion process. Figure 5 shows that high temperature results in a hydrophobic PDMS channel within less than five hour; while it takes several days under room temperature. Partial hydrophobic or hydrophilic surface provide alternative droplet generation pattern. Partial hydrophobic channel results in mixing stream while partial hydrophilic channel synthesize long-tail water droplets with synchronized satellite droplets.
The optimization of droplet generation by controlling hydrophobicity of PDMS surface has been demonstrated. This process shortens microfluidic fabrication process to hours and allows the diversification of the droplet generation technique for broad range of applications.
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